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Abstract of thesis entitled: 
Capital should flow to regions with higher productivity growth. However, reality 
shows just the opposite. This is the "Allocation Puzzle" proposed by Gourinchas and 
Jeanne (2007). This paper extended the investigation of the "Allocation Puzzle" into 
Chinese provinces by employing a similar productivity estimation approach. It is 
found that the relation between capital inflow and productivity growth is 
insignificantly negative in between-effect estimation, but is significantly positive in 
fixed-effect estimation. These two different results have an important implication: by 
comparing two regions, the region with higher productivity growth does not imply 
that it has larger capital inflow; however, by looking into the time-series data in a 
particular region, increasing productivity growth will cause increasing capital inflow. 
That is, we re-dimensioned the puzzle into a "Between Regions" situation and a 
"Within Region" situation. To go deeper, effect of productivity growth on capital 
inflow is also decomposed into the effects on investment and saving. 
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Neoclassical growth model (Ramsey, Cass and Koopmans) predicts 
that capital should flow to countries with higher productivity growth. 
However, empirical studies indicate the opposite direction. This alloca-
tion puzzle was first proposed by Gourinchas and Jeanne (2007). In their 
paper, they use a calibrated standard growth model to show that capital 
should flow to countries with higher productivity catch up (a period ag-
gregated productivity growth relative to growth in advanced economies). 
That is, the cross-sectional relation between accumulated capital inflow 
and productivity catch up over a long-enough period^ should be positive. 
However, what they found in reality is just opposite. 
According to their argument, provided that everything else is the 
same, countries with higher productivity growth should have more fore-
gin capital and, thus, have higher capital inflow. They use a neoclassical 
model to show that, given a long period of time^, the higher productiv-
ity catch up during this period should imply higher cumulative capital 
inflow. The intuition is that when a country has a higher productivity 
growth, the marginal product of capital will increase. This should induce 
more investments and attract more foregin capital. However, world-wide 
capital flow data shows opposite values with the predicted values of their 
model. Apart from Asia, China, and India, the direction of actual capital 
flow is just opposit to the prediction. For example, non-OECD countries, 
1 According to Gourinchas and Jeanne (2007), a period that is long enough when 
the productivity catch up to become stable 
2The countries will grow at the advanced countries' steady growth rate after this 
per iod, . 
1 
with high income and high productivity growth should have huge capital 
inflow, but the actual data show that they have capital outflow. Although 
Asia, China and India have capital inflow, which is the same direction of 
the prediction, the amounts are much smaller. Therefore, they think this 
puzzle may threaten the neoclassical model in explaining the real world. 
This puzzle is different from Lucas Puzzle proposed by Lucas (1990). 
Lucas Puzzle is mainly related to rich countries and poor countries. 
According to the neo-classical model, capital should flow from rich to 
poor countries. Because, for two countries with same constant-return-
to-scale production function, the difference of production level must be 
due to the different level of capital per worker. Therefore, by diminishing 
marginal return, capital should flow to poor countries with less capital 
per worker until the capital to labor ratios are equalized. However, the 
actual amount is puzzlingly small compared to the prediction from the 
model. Gourinchas and Jeanne (2007) argue that the little capital flow 
will not be puzzling if the low productivity catch-up is taken into ac-
count. Therefore, the difference between these two puzzles is as follow: 
Lucas Puzzle focuses on the capital to labor ratios, with the capital flow-
ing from countries with high capital (rich countries) to low capital (poor 
countries), while the Allocation Puzzle focuses on productivity growth, 
with capital flowing to countries with higher productivity growth. The 
two puzzles are different because rich countries can still maintain a higher 
productivity growth compared to poor countries. 
Prasad, Raj an, and Subrarnanian (2006) find that the amount of net 
foreign capital inflow of developing countries with higher growth were 
smaller than that of medium and lower growth countries. This situation 
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became more obvious in 2000-2004 when capital was flowing out from 
higher growth countries. This kind of finding reinforces the argument 
in the Allocation Puzzle because it covers an even longer period than 
Gourinchas and Jeanne (2007). 
Gourinchas and Jeanne (2007) also propose three directions that can 
be used to solve this puzzle: (1) The first one is to explain why posi-
tive correlation between saving and growth is larger than that between 
investment and growth. (2) The second one is from the perspective of 
trade. The negative relation with productivity growth and capital inflow 
may happen if productivity growth starts at the tradable sector first and 
then moves on to the non-tradable sector. In the initial phase, there will 
be negative capital inflow. This can be refered to Obstfeld and Rogoff 
(1996, chapter 4). (3) The last one is by domestic financial frictions. Ac-
cording to Gertler and Rogoff (1990) and Matsuyama (2004), domestic 
financial frictions can make the capital flow from rich countries to poor 
countries. This can explain the Lucas Puzzle. For the case of Allocation 
Puzzle, if the financial market is not efficient, people may find it difficult 
to borrow for investments.. 
Although they do not intend to solve the puzzle, Song, Storesletten 
and Zilibotti (2011) accounted for the growing features of China by fi-
nancial imperfection and heterogenous productivity. According to their 
model, low-productivity firms have better access to the credit market 
and high-productivity firms need to finance their production via internal 
savings. If these savings are large, they can edge out the low-productivity 
firms. With less low-productivity firms, savings will go to foreign assets, 
causing capital outflow. Although this paper does not intend to solve the 
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Allocation Puzzle, it does provide a very intuitive idea. If the produc-
tivity grows in firms which have difficulty accessing the credit market, 
capital will flow out. Alternatively, because low-productivity firms are 
edged out from the market, the overall productivity of the country in-
creases and, at the same time, savings are transferred to foreign assets. 
Their theory can help in solving the puzzle especially when most of the 
developing countries have significant financial friction. 
Ju and Wei (2006) use a non-neoclassical model to explain the puz-
zle. They use a financial contract model to argue that financial return 
must be separated from the physical investment return. Just like Song, 
Storesletten and Zilibotti (2009), they also introduce financial friction. 
They argue that financial investors need to share their return of physical 
capital with the entrepreneurs, and with a more developed financial sys-
tem, the portion they can get can be larger. Most developing countries 
have an inefficient financial system; even if they have high productivity 
growth, both domestic and foreign investors may find it unprofitable be-
cause they need to share their capital return with entrepreneurs. Thus, 
they will choose to invest in other countries with more efficient financial 
market, causing the outflow of financial capital. At the same time, both 
domestic and foreign entrepreneurs will grab the high growth opportu-
nities via foregin direct investment (FDI), casuing an inflow of physical 
capital. These two effects are opposite and will only generate little cap-
ital inflow or even outflow. Prom their point of view, if the outflow of 
capital from financial market is larger than the inflow from foregin direct 
investment, capital will then tend to flow out from those countries with 
higher productivity growth but with less efficient financial market. This 
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can explain the "Allocation Puzzle". 
Benhima (2009) provideds another direction for solving the puzzle. 
She introduced investment risk into the neoclassical growth model. The 
return of capital is not certain and thus, people will accumulate enough 
safe assets to insure the risky return of their investment. When the 
productivity increases, foreign and domestic investors will increase their 
investment in that country; however, domestic investor will demand for 
more safe assets at the same time. If the domestic supply of safe assets 
cannot satisfy the demand, people will buy foreign safe assets, causing 
capital outflow. Foreign investment causes the capital inflow while do-
mestic demand for foreign safe asset will cause capital outflow. If the 
later effect is larger, it will cause the "Allocation Puzzle". 
This paper does not intend to offer a very concrete explanation to 
the puzzle. Instead, it extends the investigation into Chinese provinces, 
covering 24 provinces^, to study whether the puzzle exist in provincial 
level. In addition, through panel data analysis, it re-dimensions the 
puzzle. 
As the "Allocation Puzzle" exists in the international level, it will 
be interesting to test if the same puzzle exists in the provincial level. 
Provinces are the sub-economies of countries. Their economic activi-
ties can be aggregated to form the ultimate national economic situation. 
If the "Allocation Puzzle" does not exist in the provincial level, then 
provinces with higher productivity growth will have higher capital in-
flow, the aggregated national capital flow should be toward the coun-
^Due to the limited data available in the Fixed Investment Price Index, Tianjin, 
Zhejiang, Guangdong, Hainan, Chongqing, Tibet and Qinghai are not in the sample 
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tries, and the "Allocation Puzzle" should not exist in the international 
level. Therefore, what we expect is that if "Allocation Puzzle" exists in 
international level, it will probably exist in the provincial level. 
China is chosen because of its eye-catching growth story. China's 
productivity catch up is among the highest in the world, yet her capital 
outflow is enormous. Her foreign reserve amount to USD 2,622 billion 
(59% of GDP) and trade surplus is USD272.5 billion (4.1% of GDP) in 
2010, both of which are the highest in the world. The high productivity 
growth, together with the huge capital outflow, is, by itself, puzzling and 
quite aligns with the "Allocation Puzzle" proposed by Gourinchas and 
Jeanns (2007). 
The most important argument in this paper is the dimensions of the 
"Allocation Puzzle". Let us look closer at the "Allocation Puzzle" first. 
In calibrating the neo-classical model, Gourinchas and Jeanne (2007) as-
sume homogeneity between countries. Provided that other things are the 
same, capital should flow to countries with higher productivity growth. 
Therefore, in dealing with real data, they aggregate the capital inflow 
and productivity growth over a period to have a cross sectional data^, 
and then look at the graph of these aggregated data of the two variables 
to determine the negative relationship, and regard it as the "Allocation 
Puzzle". Using this method to find out the relationship is just like using 
between-effect estimation in panel data, but only period-aggregated data 
are used instead of period-averaged data. If country-specific character-
istics do have an effect, the between-effect estimation will be distorded, 
^Productivity catch up can be treated as an aggregation of relative productivity 
growth 
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that is, the relation obtained by the between-effect estimation, or the 
graphical method just described will include the effect of the indepen-
dent variables and country-specific characteristics at the same time, not 
only the former. As the homogeneity assumption may not hold in real 
data, the relation deduced from the graph cannot reflect the full picture. 
For example, the financial friction mentioned in the above literature can 
be one of the country-specific characteristics that can distort the rela-
tionship deduced from their graph. 
What this paper does is to introduce regional dummies (provincial 
dummies in this paper) in order to control the specific characteristics. 
However, this will mean that the annual values of the capital inflow and 
productivity growth are used instead of the period-aggregated one and 
we are essentially running a fixed effect estimation. By the mean of 
fixed effect estimation, we look into the effect of productivity growth 
to capital inflow within a region from time to time. As it is a within 
region estimation, regional specific characteristics do not matter. This is 
very important in doing empirical investigation and theoretical modeling 
of the capital flow as countries are not the same. The homogeneity 
assumption of Gourinchas and Jeanne (2007) is not realistic. 
We follow a similar estimation method used by Gourinchas and Jeanne 
(2007) to determine the productivity, and what we found is that aggre-
gated capital inflow and productivity catch up show a negative but not 
significant relation. This implies that the "Allocation Puzzle" exists 
within China, but at a minimal level compared to that in the interna-
tional level. However, once the provincial dummies (fixed effect) are 
introduced, the relation becomes significantly positive. 
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The different results have very important implications: (1) "Between 
Regions" situation - the insignificant relation in between-effect estimation 
implies that if Province A has higher productivity growth than Province 
B, it does not necessarily mean that Province A can have more capital 
inflow than Province B. (2) "Within Region" situation - the significant 
positive relation in fixed effect estimation implies that if productivity 
growth in Province A increases, more capital will flow in. 
The second argument does support the calibrated neo-classical model 
in Gourinchas and Jeanne (2007) as they assume all countries are the 
same except productivity growth. By using fixed effect estimation, re-
gional characteristics are taken into account and the relation is positive. 
That is, for any particular country or province, capital inflow will be 
increased if productivity growth increase. 
However, if we look at the cross-sectional picture and take the specific 
characteristics into consideration, capital will then flow into regions with 
lower productivity growth or simply not related. This implies that spe-
cific characteristics have an effect on the relation. The financial friction 
and risk aversion mentioned in the above literature, together with politi-
cal factors, educational factors and so on, are the potential specific char-
acteristics. However, the literature offering explanation to the allocation 
puzzle, so far, do not take into account the different pictures of "Be-
tween Regions" and "Within Region" effect. In their model, they added 
different factors with different frameworks to show that capital inflow 
can decrease with productivity growth even in any particular country. 
However, our finding is different. For any particular province, the higher 
the productivity growth , the larger the capital inflow. The situation de-
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scribed by the "Allocation Puzzle" only happens in cross-sectional situa-
tion. Therefore, theoretical models should explain the situation described 
by the "Allocation Puzzle", provided that capital inflow increase with 
productivity growth for any particular region. That is, we re-dimensioned 
the puzzle into a "Between Regions" situation and a "Within Region" 
situation. And this argument is the main contribution of this paper to 
the literature. 
In this paper, the results of between-effect estimation and fixed-effect 
estimation will be shown in parallel to illustrate that the pictures of 
"Between Regions" and "Within Region" can be totally different. We 
also conducted an Arellano-Bond Dynamic Panel GMM Estimation to 
tackle the endogeneity problem of productivity growth. The results do 
support our arguement and finding. 
This paper contributes to the literature of "Allocation Puzzle" by 
pointing out that the homogeneity assumption used by Gourinchas and 
Jeanne (2007) is not realistic and "Allocation Puzzle" may not really 
exist. In their paper, they assume that all countries are the same except 
productivity growth. By using this assumption, they graphically perform 
a cross sectional analysis to deduce a negative relation between capital 
inflow and productivity growth (the "Allocation Puzzle”）. However, the 
assumption is highly unrealistic and regional characteristics will have 
effect on the relation. Therefore, the negative relation will not be puzzling 
anymore if it is, in fact, due to the regional characteristics. To get rid 
of the regional characteristics, one can look into the relation within a 
region. This paper uses fixed-effect estimation to show that the relation 
is positive within a region. Therefore, the negative relation in cross-
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sectional investigation may due to regional characteristics. Deducing 
the "Allocation Puzzle" by assuming homogeneity across countries is 
not proper. Cross-sectional analysis is always complicated by regional 
characteristics and the interaction between regions. And the negative 
relation between capital inflow and productivity growth may not be really 
puzzling. 
Interestingly, the "Within Region" positive relation suggests that for 
a particular province, capital will flow in if productivity growth increases. 
This situation is opposite to the aggregated picture of China. Explaining 
how the provincial activities can form the opposite national situation 
in China will be a very challenging task. This finding is the second 
contribution of this paper. 
One may argue that the data of China, especially provincial data, are 
not valid and result in unconvincing conclusions. Admittedly, the Chi-
nese statistical mechanism should be improved, but the main focus of this 
paper is to demonstrate, with the mean of Chinese provincial data, the 
difference of "Between Regions" and "Within Region" situations which 
are always be ignored by the literature. One can easily apply such argu-
ment onto international data, which are more valid, to investigate if the 
same difference exists. We are, in fact, undergoing such investigation. 
This paper is organized as follows: In Section 2, there is empirical 
matter in the "Allocation Puzzle". In Section 3, we will describe the 
methodology used in finding productivity growth and to show the "Al-
location Puzzle" exists between Chinese provinces. In section 4’ we will 
use panel analysis to show that the picture of "Between Regions" and 
”With in Region" situations can be very different. Arellano-Bond Dy-
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namic Panel GMM Estimation and robust test for western development 
in China will also be included in this section. In section 5, we will de-
compose the effect of productivity growth on capital inflow into effects 
on investment and saving separately. 
2. Empirical Matter in the "Allocation Puzzle" 
Panel data consist of two dimensions, usually regions and time. Sim-
ple panel data regression model is usually as follow: 
Hit = Po-^Yl PkXkit + % ( 1 ) 
k 
where en = + % and A; = 1, 2,..... 
i is the index for regions, t is the index for time and k is the index for 
regressor. e^ is the unobservable error term which has two components, 
ai and iju. a “ without subscription of t, is common to all equations 
in the same region, rjn � T V ( 0 , erg) is the serial iincorrelated random 
disturbance and E(xkit, Vu) — 0-
The concern regarding this model is a “ which is also known as the 
individual effect or fixed effect. If this term is correlated with the re-
gressors {E{xkit, oii) • 0) , the error terms tn will also be correlated 
with the regressors {E{xkiu Qt) — 0), endogeneity problem will arise. In 
this case, the pooled OLS regression of equation 1 cannot provide a con-
sistent coefficients. Moreover, between effect estimator, which regress 
period-averaged value for all variables, will be biased. Between effect 
estimator (denoted as is obtained from the following model: 
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；^E^/it = + Pl^kit) (2) 
I t k ^ t I t 
We can see that between-effect estimator is obtained by a cross-
sectional model in which the mean values of each variables over the 
sample period are obtained first before running the regression. In the 
equation 2, the individual effect, is not elimiated and endogeneity 
problem is not solved if E(xkit, o i^) ^ 0. If E{xkit, Oii) = 0, between effect 
estimator can result in consistent estimators. 
As mentioned in the previous section, Gourinchas and Jeanne (2007) 
only use graphical method to deduce the "Allocation Puzzle". They 
use the ratio of aggregated real capital inflow over the sample period to 
real initial GDP and the productivity catch up in the graph to show the 
negative relation which is the "Allocation Puzzle". This kind of graphical 
method can be regarded as the following empirical model: 
Ya Real Capital Inflowt ^ ^ ^ , , , ,。、 
= Po + piFroductivity catch upi + Si 
Real GDPq 
In equation 3, productivity catch up can be regarded as sum of all the 
productivity growth over the sample period. Then the equation 3 can be 
treated as the regression of the sum of all variables from the following 
regression: 
Real Capital Inflowt 。 ^ ^ i -l 』l, “ 、 
—— =A) + PiProductivity growthu + eu (4) 
Real GDFq 
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From equation 3 and equation 4, we can observe that 
Sit = ^it 
t 
That is, 
£it = Tai + Y^ r]it 
t 
Therefore, the individual effect or the regional effect are still not 
eliminated in their model and if productivity growth has correlation with 
the regional factors, their negative relation observed in the graph is not 
consistent. 
To handle this problem, we can use fixed effect estimation. In the 
fixed effect model, the value of each variable in each period will be sub-
tracted by their period-averaged value. The fixed effect coefficients is 
denoted as jSl and the equation is as follow: 
1 1 1 
ya - � Vit 二 a _ k i t — � L 工kit) + 彻 — 〒 L Vzt 
I t k I t I t 
In the model, the individual effect is eliminated. Therefore, whether 
the effect is correlated with the regressors or not, the coefficients obtained 
are still consistent. However, since the error terms in this model {rju — 
Y J2t 'Hit ) are serial correlated, the estimation obtained is not efficient. 
In order to have the consistent and efficient coefficients, researchers 
usually use random-effect estimation which utilize the between-effect es-
timators and the method is, in fact, between the fixed-effect and between-
effect estimation. However, as it utilizes the between-effect estimators, 
if the individual effect has correlation with the regressors, random-effect 
13 
estimation will still result in biased estimation. 
By assuming homogenity of all countries, Gourinchas and Jeanne 
(2007) may ignore the individual effect. However, such assumption is 
highly not realistic and countries always have their own characters. Also, 
such characters are usually related with productivity growth. For exam-
ple, countries with lower educational facilities will result in low produc-
tivity growth. Therefore, the assumption employed by Gourinchas and 
Jeanne (2007) is not valid. 
Moreover, even the individual characteristics is not correlated with 
the regressors, the coefficients of the regressors may be different in the 
between effect estimation and the fixed effect estimation. 
Mundlak (1961) has pointed out this situation. In the paper, he tried 
to find out a production funciton for a firm. However, it is well known 
that production function is affected by management level which is not 
observable. To solve this, he assumes that the managment level will be 
kept constant for two years of time. This assumption means that every 
firm has its own fixed characteristics which is not observable. And this 
situation is very similar to the fixed-effect situation. The focus on this 
kind of estimation is, for certain, finding the relationship between capital, 
labor and output. However, in the case when fixed characteristics present, 
inter-firm estimation will be depending on the position each firm is in on 
the production function and the coefficient estimated may be distorted. 
This situation is very similar to the case in between-effect situation. 
Figure 1 shows the imaginary situation which is similar to the one 
in Mundlak (1961), but we focus on the average values over the sample 
period, not a point of time. 
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Figure 1: Graph of Fixed Effect and Between Effect 
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From this figure, the two solid lines A and B described the fixed-effect 
relationship between Capital Inflow to GDP and productivity growth for 
each countries (A and B). In fixed-effect estimation, deviations of the 
dependent and independent variables from their average value for each 
period are used in the regression. Suppose the average values of Capital 
Inflow to GDP and the Productivity Growth for the two countries are oc-
cured at Average A and Average B respectively. Even the two variables 
show positive relationship in fixed-effect relation, this may not be the 
same in between-effect situation. When we link the points of Average 
A and Average B, the line is downward sloping which means that the 
between effect relation is negative. We can observe that the y-intercept 
is the main cause of this situation. If the y-intercept for country B is 
higher, the between effect relation can become positive. The determi-
nants of the y-intercept are the individual effect (a;) which cannot be 
observed. Therefore, even the individual effect is not correlated with the 
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regressors, the relationships described in between-effect and fixed-effect 
estimation can be different. In fact, this two methods are investigat-
ing two situations. "Between Regions" situation for the between-effect 
estimation and "Within Region" situation for fixed-effect estimation. 
In between-effect estimation, researchers are interested in how the 
differences of the independent variables can explain the different levels of 
the dependent variable between regions. For example, researchers may 
find that if one country has one more university than the other countries, 
she can have 10 more billion real GDP than the other countries. That is, 
the between-effect estimation focuses on the cross-sectional differences 
between regions. However, this kind of investigation may be affected 
by the regional characteristics. Following the example, the effect of one 
more university may be lower in those countries focusing on primary 
industries, such as farming, fishing and mining. In contrast, the effect will 
be higher in those countries focusing on tertiary or advanced technology 
industries. Therefore, the estimation of 10 more billion real GDP for 
one more university is likely to be influenced by the characteristics of 
different countries. 
In fixed-effect estimation, researchers are interested in how the changes 
of the independent variables can explain the change of dependent vari-
ables within a particular region. For example, if one country increases 
one more unit of university, her real GDP can increase by 5 more billion. 
Since it only focuses on the change of variables within a particular re-
gion, the effect of regional characteristics is eliminated. Therefore, this 
estimation is not affected by the regional characteristics. In contrast to 
the between-effect estimation, this one foucses on the time series data 
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Figure 2: Graph of Fixed Effect and Between Effect with Homogeneity 
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within each region. 
If all countries are the same except in the variables in the regression 
model (the homogeneity assumed in Gourinchas and Jeanne (2007)), 
between-effect and fixed-effect estimations can yield the same results. 
This can be shown in Figure 2. 
If country A and country B share the same fixed characteristics, the 
lines representing their production function will overlap. In this case, no 
matter where their positions are in the production function, the between-
effect estimation can yield the same results in the fixed-effect estimation. 
Figure 2 illustrates this situation. The lines of the production func-
tions of country A and country B overlap. The coefficient obtained from 
between-effect estimation is the slope of the line joining the points of Av-
erage A and Average B. When their production functions overlap, even 
their positions of average values are different, the lines of between-effect 
estimation and fixed-effect estimation overlap which can result in the 
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same estimated coefficients. 
For the case in Gourinchas and Jeanne (2007), they use graphical 
method to find out the relationship between aggregated capital inflow to 
initial GDP and productivity catch up. The productivity catch up can 
be treated as an aggregated term of productivity growth over the sam-
ple period. Using graphical method to determine the relation between 
this two variable can be analogous to between-effect estimation, with 
difference in using aggregated values over the sample period instead of 
using average values. By assuming homogeneity, Gourinchas and Jeanne 
(2007) implicitely assume that between-effect estimation and fixed-effect 
estimation will have the same result. Therefore, they can reach the con-
clusion of "Allocation Puzzle". 
However, such assumption is very rare in reality and the situation 
described in Figure 1 is much more likely to happen. The regional char-
acteristics can have influence on the relationship described. Even they 
can show a negative relationship between capital inflow and productiv-
ity growth, it can be due to the regional factors and if these factors are 
controlled, the relationship may become positive. This is the main argu-
ment in this research and we will use Chinese provinces to illustrate such 
argument. 
3. Methodology, Data, and the Relation 
Most of the data used in this paper are from China Data Online, un-
less specified. The database is mainly an organizer of open data available 
from the National Bureau of Statistics of China, such as China Statisti-
cal Yearbook. Annual data will be used and will cover the years 1991 to 
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2008. 
Method used by Gourinchas and Jeanne (2007) 
According to the paper, the Cobb-Douglas production function, Yt — 
^ is assumed where Yt is the total real production, Kt is 
the domestic physical capital stock, and Lt is the labor supply. The 
productivity At can then be estimated by ( f ^ ) , where yt is the real 
production per capita and kt is the real capital stock per capita. 
The real total output is calculated from the Provincial Gross Domestic 
Product and the Consumer Price Index (CPI). CPI has base 100 on the 
previous year, so the chained method is used to express the nominal value 
to constant price of 1990 RMB. Real production for each province, 
can be calculated by dividing the Provincial Gross Domestic Product by 
the chained CPI. 
In obtaining the real capital stock, Kt, perpetual inventory method, 
Kt+i = (1 — S)Kt-\- It+i, is used where S is the depreciation rate and It is 
the real investment. The initial real capital stock, i^i99i, is obtained by 
where gi is the rate of growth in real investment in each province 
for the first 10 years of the data^. 
Investment in Fixed Asset is used as the nominal investment and we 
need Price Index for Investment in Fixed Asset to obtain the real value. 
Price Index for Investment in Fixed Asset is obtained from the National 
Statistics Data Base in the website for National Bureau of Statistics of 
China. Similarly, the chained method is applied to express the nominal 
5 Gourinchas and Jeanne (2007) use the data of real output and real investment 
from PWT. However, these data are not available in provincial level. 
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value ill 1990 RMB. The data of Investment in Fixed Asset are then 
divided by the chained value to get the real investment It. 
Depreciation rate is assumed to be 6%. We can then calculate the 
real capital stock for each year. 
Total Number of Employed persons is used as the labor force. By set-
ting a to be 0.3, the productivity can then be obtained. Hodrick-Prescott 
filter is then applied to the productivity to get the trend component At. 
The productivity catch up tt for the period 1991 to 2008 is obtained 
by 1, where g* is the productivity growth rate in developed 
countries and is set to be 1.017®. 
For the capital inflow data, Gourinchas and Jeanne (2007) use the 
cunimulated current account deficit with exchange rate adjustment di-
vided by the initial real GDP. Athough we need not face the exchange rate 
matter, current account data are not available for the Chinese provinces. 
Instead, we follow the method employed by Li (2010) and use the data 
provided by Gross Regional Product by Expenditure Approach. Saving is 
defined as the GDP by expenditure approach minus private and govern-
ment consumption. Investment is the gross capital formation^. Capital 
inflow is defined as investment minus saving. 
Intuitively, although the data may differ, investirient minus saving is 
equivalent to import minus export and thus the current account deficit. 
^All the parameters setting, a , (5, and g*, closely follow those of Gourinchas and 
Jeanne (2007) 
7 Gross Capital Formation included Gross Fixed Capital Formation and Change in 
Inventory. Gross Fixed Capital Formation is not exactly the same as Investment in 
Fixed Asset, even tbongli they move together. The former iiichules the value of iixed 
asset deposits, whereas the latter one does not. Detailed explanation about these two 
terms can be referred to in Chinese Year Books. According to the definition, our real 
investment calculation should use Investment in Fixed Asset. 
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Chained CPI is used to get the real capital inflow in 1990 RMB. The real 
values are summed up and divided by the real provincial GDP in 1991 to 
obtain the aggregated real capital inflow to initial real GDP in the year 
1991-2008. 
Table 1: Statistics Summary 
Statistics Productivity Catch Up Aggregate Capital Inflow 
to Initial Real GDP 
mean 1.901852 1.577862 
median 1.868989 0.5667521 
Standard Deviation 0.9868262 5.616299 
minimum 0.49561 -6.260367 
maximum 4.561842 18.90255 
Table 1 shows the statistics summary with the productivity catch up 
and the aggregated real capital inflow to initial real GDP. The mean and 
median of productivity catch up are around 1.9, which means that the 
productivity growth in 1991-2008 in the Chinese Provinces are almost 
two times faster than the growth in developed countries. The maximum 
value is astonishing high at 4.56 and the minimum value is 0.495, which is 
still positive, implying that all the 24 provinces in the sample have faster 
growth than the developed countries. With standard deviation of 0.99, 
which is more than half of the mean value, the dispersion of productivity 
catch up is great within China. 
For the aggregate real capital inflow to initial real GDP, the mean 
and median values are both positive. This is slightly surprising because 
the capital outflow in China is huge and the situation should be similar 
in the provincial level. To explain this, one should be reminded that the 
aggregate real capital inflow is divided by the initial real GDP. Therefore, 
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if some big provinces with huge initial real GDP have capital outflow, 
their statistics will not be too negative but their impact on the Chinese 
capital outflow will be great. This argument implies a suspicion that the 
huge capital outflow in China may be led by several big provinces only. 
Figure 3: 
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to _ •Ningxia 
0 
— 眷 Guizhou 
c 
° •Xinjiang , 
5 LO - • Inner Mcng； • Yunnan 
1 參 Gansu •Shaali^ Jilin 
•"I •Guangxi * Beijing 
� � - • 丨 angx 丨 “ • 油 讚 丨 
• Hubei 
• Fujian® tHenan 
to -
I "U , .Hebe 丨 ©Jiangsu 
^ 1 5 5 4 ^ 
Productivity Catch up 
The relationship using the aggregated real capital inflow and the pro-
ductivity catch up is shown in Figure 3. It can be observed that the two 
variables have almost no relation. Compared to the graph in Gourinchas 
and Jeanne (2007), this graph is much flatter and the points are more 
scattered with no obvious trend. An OLS regression shows that the co-
cfficicnt IS -0.031 with t-statistics -0.03. It is negative but close to zero 
and IS not significant. If you exclude the outlier, Ningxia, the negative 
relation will be more obvious. This figure shows that the negative rela-
tion between capital inflow and productivity growth also exists between 
Chinese provinces but with much miner magnitude. Therefore, by ex-
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tenting the estimation method used by Gourinchas and Jeanne (2007), 
this paper shows that such relaton not only exists in international level, 
but also in provicial level. 
4. Panel Analysis 
In deducing the relation, the methods used in the above section are 
analogous to doing between-effect analysis in panel analysis because data 
are summed up or averaged for the sample period, and relation is deduced 
from the cross-sectional analysis. However, the methods can only show 
part of the picture because provincial characteristics are not taken into 
account and the method only shows the "Between Regions" situation, 
but not the "Within Region" situation. In this section, panel analysis 
will be performed based on the data collected in Section 3 to show the two 
situations at the same time. Please note that in fixed-effect estimation, 
one year lagged value of productivity growth is used. In the fixed-effect 
estimation, since the productivity growth is calculated by GDP at year t 
while the capital inflow is also calculated by GDP at year t, the feedback 
effect resulted can be tackled by using lagged productivity growth. 
4.1. One Factor Regression 
For capital inflow, it is not appropriate to divide the real capital 
inflow by the initial real GDP because a non-stationary problem may 
arise. Instead, capital inflow in each year is divided by the GDP in 
that year Productivity catch up should not be used because we 
are not focusing on aggregated values. Year-by-year productivity growth 
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is calculated from the log difference of productivity (not the Hodrick-
Prescott filtered) instead. It is denoted as GTt = InAt — InAt-i. 
Figure 4: Productivity with Time 
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Figure 4 shows the productivity level for every province in each year. 
It is obvious that Shanghai has the highest productivity in China, fol-
lowed by Beijing, and Guizhou has the least productivity. From the 
graph, we can observe that the provinces in China are undergoing con-
sistent growing trend in productivity, even the province with lowest pro-
ductivity, Guizhou, has shown increasing growing prospect. 
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Figure 5: Productivity Growth with Time 
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Figure 5 shows the growth rate for every province in each year. 
We cannot observe any provinces that has clear out performance. Even 
though Shanghai and Beijing have high productivity, it does not neces-
sarily imply that they have high productivity growth rate. In the graph, 
most of the provinces have positive growth rate in almost all the years 
except 1994 and 1995，during which the majority of provinces have neg-
ative growth rate. 
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Figure 6: Capital Inflow to GDP with time 
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Figure 6 shows the capital inflow to GDP for every province in each 
year. The graph shows that the direction of capital flow is quite consistent 
for most provinces. For (example, capital consistently flows out from 
Shanghai and Hebei, and flows in to Guizhou and Ningxia. Interestingly, 
a major part of the graph lies above the x-axis, implying that the capital 
inflow to GDP tends to be positive in Chinese provinces. Why such a 
situation in tli() provincial k v d aggr(^gat(\s to uiako the capital flow out 
from China will be an interesting question. Our suspicion that the huge 
capital outflow in China, may be led by only several big provinces can be 
a possible answer. From the graph, Shanghai shows an outflow of capital. 
This province has the highest productivity and as the financial centre in 
China, the outflow of capital from Shanghai can offyet major amount of 
capital inflow from other countries to China, causing the capital to flow 
out from China. Although this is not the focus of this paper, it is worth 
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investigating for future researchers. 
Figure 7: 
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Figure 7 shows the relation of periodaverage of capital inflow to GDP 
with period average productivity growth. The relations are still negative 
and look similar to its counterpart in Section 3 (Figure 3). If the outlier, 
Ningxia, is excluded, the negative relation is more obvious. 
Table 2: One Factor Regression 
One Factor Regression 
Capital Inflow To GDP 
VARIABLES Between Effect Fixed Effect 
Productivity Growth (one year lagged in fixed effect) -0.905 0.114*** 
(1.164) (0.0368) 
Constant 0.0999 0.0560*** 
(0.0900) (0.0134) 
Observations 408 408 
R-sqiiared 0.027 0.777 
Number of province 24 
Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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In Table 2, column 1 shows the between effect estimation results^ 
which are similar to those in Section 3. That is, capital inflow to GDP 
is negatively related to the productivity growth, but not in a significant 
level. This result, together with Figure 7 and the result in Section 3, 
shows that the "Allocation Puzzle" exists within China but with less 
magnitude compared with the international level. 
However, once we introduce the provincial dummies (Fixed-Effect Es-
timation) to control the provincial characteristics, the picture is different. 
Column 2 shows the fixed effect estimation, wherein the relation clearly 
becomes positive. The coefficient of productivity growth is now signifi-
cantly positive. The different results from between-effect estimation and 
fixed-effect estimation show that the pictures of "Between Regions" and 
"Within Region" situations can be different. This is the main argument 
in this paper. We should not look into the "Allocation Puzzle" via only 
one direction, but from both "Between Regions" and "Within Region" 
directions. The puzzle can be fully solved once the differences from the 
two directions are explained. 
Next, we would like to control several variables and do an Arellano-
Bond Dynamic Panel GMM Estimation, as well as robustness check for 
western development in China, to reinforce our argument. 
入.2. Multi-Factor Regression 
The variables that are included are loan to GDP ratio, secondary 
output to GDP ratio, openness ratio and population growth rate. Loan 
^The observations are different because growth rate in 1991 for Gourinchas and 
Jeanne (2007) method iy zero as we do not have the productivity in 1990 
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is calculated from total loan in financial institutions. The data is in 
aggregated total and, thus, first differencing is needed to obtain the loan 
in financial institutions in each year. Openness ratio is total export and 
import as a fraction of GDP. Secondary output, population, export and 
import are obtained from China Data Online or from China Statistical 
Yearbooks. It should be admitted that these variables are endogenous 
because they may be interrelated. However, the purpose in this paper 
is not to vigorously find out the main determinants of capital inflow 
and this simple approach can help determine if the different pictures of 
"Between Regions" and "Within Region" in finding the relation between 
productivity growth and capital inflow are due to other things. 
Table 3: Multi-Factor Regression 
Multi-Factor Regression 
Capital Inflow To GDP 
VARIABLES Between Effect Fixed Effect 
Productivity Growth (one yoar lagged in fixed effect) 0.207 0.118*** 
‘ (0.842) (0.0378) 
Loan To GDP 0.139* 0.0338 
(0.0674) (0.0208) 
Secondary Output To GDP -0.661** -0.0334 
(0.310) (0.0864) 
Openness Ratio -0.257*** -0.0289 
(0.0726) (0.0192) 
Population Growth 5.749** -0.121 
(2.449) (0.149) 
Constant 0.192 0.0349 
(0.156) (0.0578) 
Observations 
R-squared 0.662 0.780 
Number of province 24 
Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
Table 3 shows the results for productivity growth obtained by the 
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two methods. In the table, the first column shows the estimations of all 
variables by between effect. The second column shows the results with 
province dummies included after controlling other variables. From the 
table, the relation between productivity growth is still insignificant (even 
though it becomes positive) in between-effect estimation, but becomes 
significant positive in fixed- effect estimation. This result is similar to 
the one-factor regression and reinforces our argument. 
The effects of control variables ceased when provincial dummies are 
introduced. It seems that the pictures of "Between Regions" analysis and 
"Within Region" analysis are totally different. It is observed that capital 
will flow to provinces with high loan to GDP, lower secondary output to 
GDP ratio, lower openness ratio and higher population growth. But 
if these variables change within a province, nothing significant happen. 
This interesting finding may hint the provincial characteristics that can 
affect the capital flow between provinces. 
J^.3. Arellano-Bond Dynamic Panel GMM Estimation 
One may argue that productivity growth and other variables included 
in the multi-factor regression are endogenous. First of all, it is difficult 
to find a perfect instrumental variable that is exogenous, related to pro-
ductivity growth but not related directly with capital inflow at the same 
time. Therefore, we use the Arellano-Bond Dynamic Panel GMM Es-
timation to due with the endogeneity problem. In the estimation, we 
employ first differenced values (no level values) to eliminate the provin-
cial dummies that catch the provincial characteristics. That is, we are 
looking at the fixed-effect by using this estimation. Between-effect can-
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not be estimated by this method. Therefore, our purpose is to prove 
that productivity growth has significant positive relation with capital in-
flow when provincial characteristics are controlled. Although we cannot 
confirm that the between-effect and fixed-effect estimation differ by us-
ing this method, we can essentially show that provincial characteristics 
must be taken into account and the neo-classical can still give a proper 
description of the real world. 
In this estimation, all independent variables are treated as endoge-
nous. One years lagged and two years lagged values of all independent 
variables are used as instrumental variables. Since the value of produc-
tivity growth in the regression model is in t-1, value of t-2 and t-3 will be 
used as instrument. For the other variables, values of t-1 and t-2 will be 
used. We will also include year dummies in our estimation. Year dummis 
are treated as exogenous variables. 
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Table 4: Dynamic Panel GMM 
VARIABLES Capital Inflow to GDP 
One Year Lagged Capital Inflow to GDP 0.722*** 0 .703***^ 
(0.0367) (0.0449) 
One Year Lagged Productivity Growth 0.0501** 0.0386** 
(0.0244) (0.0194) 
Loan -0.0114 -0.0232 
(0.0192) (0.0197) 
Secondary Output to GDP -0.0213 -0.0877 
(0.0899) (0.119) 
Openness -0.0112 -0.0268 
(0.0154) (0.0214) 
Population Growth -0.142 -0.186** 
(0.0968) (0.0892) 
Time Dummies Yes 
Observations 360 360 
Number of province 24 24 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Table 4 shows the result of the Arellano-Bond Dynamic Panel GMM 
Estimation. Column (1) shows the result with no year dummies while 
column (2) does. No matter year dummies are included or not, the rela-
tion of productivity growth and capital inflow to GDP are significantly 
positive. One year laggoxl capital inflow to GDP can have very signifi-
cant effect on current capital inflow to GDP, which means that capital 
inflow has some momentum. When year dummies are not included, all 
the other variables has no effect on capital inflow to GDP. This result 
is consistent with the finding in the multi-factor regression. When year 
dummies are included, only population growth has significant effect on 
capital inflow to GDP. 
This result from the Arellano-Bond Dynamic Panel GMM Estimation 
confirms the finding in the fixed effect estimation from the iimlti-factor 
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regression. It shows that when the provincial characteristics are elimi-
nated, the relator! between capital inflow and productivity growth will be 
consistent with the prediction from the neo-classical model. The result 
can also reinforce the argement that "Between Regions" and "Within Re-
gion" situations can be very different because the result is very similar 
to the finding in the fixed-effect multi-factor regression. 
J^.4. Robustness Check for Western Development 
Western development is one of the major policy in China and the 
plan started in 1999. This policy can liave influence on the empirical 
analysis in this paper. For example, from Figure 3，we can observe that 
some of the provinces with highest productivity catch up are located in 
the western China, such as Inner Mongolia, Ningxia and Shaanxi. 
Figure 8: 
mean Capital Inflow to GDP and mean Productivity Growth 
before 1999 
參 Xinj iang 




0 • Shaanx i 
_Q 厂 - • G a n s u 
兰 • inner Mongol ia 
1 • Y u n n a n • j 丨angfl 川丨门 
O o - •Beijing •sich鬧• � •..叫an 
c 參 Shanxi 
S • Hub，He i l ong ) i . ' * ( ^hangha | , 
E • H e n a n 
• Jiargsu 
• Hebei 
T _ • L i a o n i n g I 1 1 ^ 
0 .05 .1 
mean Productivity Growth 
33 
Figure 9: 
mean Capital Inflow to GDP and mean Productivity Growth 
after 1999 
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Figure 8 shows relation between mean capital inflow to GDP and 
mean productivity growth before 1999. Before the western development 
started, the relation is negative and is close to what Gourinchas and 
Jeanne (2007) found. This relation is net of the government directed 
capital allocation for the western development. 
Figure 9 shows the relation after 1999 and the relation become pos-
itive. Most of the western provinces have experienced huge increase in 
capital inflow to GDP and productivity growth. Therefore, government 
directed capital allocation for the western development may have effect 
on the capital flow in the Chinese provinces. 
To take this factor into account, a period dummy ("west") is intro-
duced in fixed-effect and dynamic GMM estimations. "West" is equal 
to one for year 1999 to 2008 and for western provinces, or equal to zero 
otherwise. This dummy lielp to cature the capital inflow to western 
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China that is due to the government directed capital allocation during 
this period. 
Table 5: Fixed Effect (with western development dummy) 
Capital Inflow to GDP 
VARIABLES Fixed Effect 
Productivity Growth 0.0700* 
(one year lagged) 
(0.0394) 
Loan To GDP 0.0268 
(0.0205) 
Secondary Output to GDP -0.0888 
(0.0863) 
Openness Ratio -0.0276 
(0.0188) 








Standard errors in parentheses 
*** p<0.01, ** p<0.05, * pcO.l 
The positive coefficients for "west" in both estimations show that gov-
ernment does allocate capital for the western development. Moreover, the 
relation between capital inflow to GDP and productivity growth remain 
positive, but with less significance. The result shows that the finding of 
this paper remain robust even the western development has influence. 
5. Decomposit ion 
The data we are using for capital inflow are Investment minus Saving 
(/ - S) from the table of the Gross Domestic Product from Expenditure 
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Approach. We can then have the values of Investment to GDP and 
Saving to GDP^. This can help decompose the relation of capital inflow 
and productivity growth into relations regarding investment and saving 
separately. 
Table 6: Decomposition 
Between Effect Fixed Effect 
VARIABLES Investment Saving Investment Saving 
to GDP to GDP to GDP to GDP 
Productivity Growth 1.539** 1.332* 0.224*** 0.106*** 
(one year lagged in fixed effect) 
(0.609) (0.648) (0.0425) (0.0264) 
Loan To GDP 0.0943* -0.0444 -0.0815*** -0.115*** 
(0.0488) (0.0519) (0.0233) (0.0145) 
Secondary Output To GDP -0.222 0.439* 0.723*** 0.756*** 
(0.225) (0.239) (0.0971) (0.0603) 
Openness Ratio -0.0529 0.204*** -0.0175 0.0114 
(0.0525) (0.0559) (0.0215) (0.0134) 
Population Growth 5.247*** -0.502 -0.0557 0.0657 
(1.772) (1.886) (0.167) (0.104) 
Constant 0.332*** 0.140 0.509*** 0.474*** 
(0.113) (0.120) (0.0650) (0.0403) 
Observations 408 408 408 
R-squared 0.672 0.691 0.650 0.848 
Number of province 24 24 
Standard errors in parentheses 
*** p<0.01, ** p<0.05, * pcO.l 
Table 6 shows the relations of Investment to GDP and Saving to 
GDP with productivity growth from the between effect and fixed effect 
estimation using multi-factor regressionrespectively. For the between-
effect, productivity growth has a positive effect on both investment and 
saving. However, the effect on investment is larger to that on saving by 
(JGDP is from expenditure method in this section. The values are very similar to 
GDP used in previous section 
i()N() iiistrurnciital variable is used 
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a very small amount. This results in the insignificant relation between 
capital inflow and productivity. For the fixed-effect, productivity has a 
significantly positive effect on both investment and saving. This time, 
however, the effect on investment is obviously larger than that on saving 
and results in the significantly positive relation between capital inflow 
and productivity. 
For the other control variables, when provincial characteristics are 
not taken into account, their effects on investment and saving are ei-
ther opposite or significantly different, resulting in their significant effect 
on capital inflow. However, once the provincial characteristics are con-
trolled, their effects on investment and saving are in the same direction 
with a similar magnitude. This results in their insignificant effect on 
capital inflow in fixed-effect estimation. This decomposition exercise can 
give some ideas of how the variables can affect capital inflow. 
This decomposition shows that the influences of productivity growth 
and other variables on investment and saving differ in "Between regions" 
and "Within region" situations. This further confirms our argument that 
the two pictures can be significantly different. 
6. Conclusion 
This paper contributes to literature by explicitly showing that cross-
sectional analysis can be affected by regional characteristics. This can 
be shown by the different results from fixed-effect and between-effect 
estimations. The relation between any variables can be very different in 
"Between Regions" and "Within Region" situations. 
Homogeneity assiimptioii is common in theoretical models. However, 
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these models are not easy to test by cross-sectional analysis as the empir-
ical findings are usually affected by regional characteristics. We cannot 
simply judge the validity of the models base on the cross-sectional anal-
ysis. 
"Allocation Puzzle" proposed by Gourinchas and Jeanne (2007) has 
this problem. In modeling, they assume that all countries are the same 
except productivity growth. As a result, they deduce that capital should 
flow to countries with higher productivity catch up (aggregation of pro-
ductivity growth). 
However, this argument can only be true if all countries are the same. 
Therefore, even they have found the opposite relation by cross-sectional 
method, it is not puzzling if the empirical finding is affected by regional 
characteristics. 
To get rid of the regional characteristics, fixed-effect estimation is one 
of the approach. By testing the relation within a region, the results are 
not affected by regional characterisics and can yield a more consistent 
estimation. 
This paper arouses an important issue: if a theoretical model has 
assumed that all regions share same characteristics, it will be problematic 
to test the model by using cross-sectional analysis only. 
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